Because of severe soft-tissue contracture and imbalance as well as bone deficiency, chronic locked anterior shoulder dislocation is a difficult problem for both patients and clinicians.
The results of several procedures such as Bankart repair, remplissage 2 , coracoid transfer, bone-grafting, and arthroplasty 8 have been reported. However, the ability to restore the stability of the shoulder is variable and the overall failure rate is fairly high 2, 6, [9] [10] [11] . Chronic locked anterior shoulder dislocation is rarely reported, and most of the studies were case reports 1, [3] [4] [5] 9, 12 . The Latarjet procedure has been proven to be effective for the treatment of recurrent anterior shoulder dislocation with a large glenoid osseous defect 13 , which might justify the application of this procedure for the treatment for chronic locked anterior shoulder dislocation. However, to our knowledge, there has been no published report on the effectiveness of the Latarjet procedure for chronic locked anterior shoulder dislocation.
The purpose of this study was to report the clinical outcome of a series of patients with chronic locked anterior shoulder dislocation treated by the Latarjet procedure. We hypothesized that the Latarjet procedure is a viable option for patients with chronic locked anterior shoulder dislocation.
Materials and Methods

Study Design
T his retrospective study was approved by the ethics committee of our institution. The inclusion criteria were locked anterior shoulder dislocation (for more than 3 months and irreducible on admission), glenoid defect of <40% on preoperative computed tomography (CT) in the en face view, operative treatment of an open Latarjet procedure, and follow-up of more than 2 years postoperatively. The exclusion criteria were congenital shoulder dislocation; concomitant 3 or 4-part proximal humeral fracture, acromioclavicular dislocation, distal clavicle fracture, or other scapular fractures (except osseous Bankart lesions); previous surgical procedure of the ipsilateral shoulder; neurovascular injury; and severe medical comorbidities or inability to comply with postoperative rehabilitation.
Surgical Technique and Rehabilitation Protocol
All surgical procedures were performed by the senior author. The patients underwent general anesthesia and were placed in the beach-chair position with the arm draped free. A deltopectoral approach was used. The coracoid was identified and was osteotomized at the base after release from the coracoacromial ligament laterally and the pectoralis minor medially. The long head of the biceps tendon was identified and was tenotomized to expose the rotator interval. The interval was opened thoroughly by excising the coracohumeral ligament and the surrounding scar tissue. By following the cuff tendons, intra-articular capsular release was performed underneath the supraspinatus superiorly and the infraspinatus posteriorly. After the interval between the humeral head and the anterior aspect of the glenoid was identified and was cleared, an elevator was introduced into this space. By gently levering and disengaging the humeral head from the glenoid rim, we attempted to reduce the humeral head through the rotator interval with the subscapularis otherwise intact. If the reduction was successfully achieved without taking down the subscapularis, a Latarjet procedure 14 was performed according to the technique by Mizuno et al. 10 . If reduction through the rotator interval was not possible, an L-shaped tenotomy of the subscapularis (the upper two-thirds of the subscapularis were taken down) at the tendon insertion was performed. After the humeral head was reduced, the coracoid bone graft was fixed to the anterior aspect of the glenoid neck and the upper portion of the subscapularis was meticulously repaired back to the lesser tuberosity with transosseous sutures. Displaced osseous Bankart fragments were excised before the coracoid fixation. All concomitant rotator cuff tears were completely repaired back to their footprints by transosseous suture fixation. If the subscapularis was ruptured and was irreparable, a pectoralis major transfer was performed after the coracoid fixation. If the humeral head defect or collapse was found exceeding 40% of the head during the surgical procedure, hemiarthroplasty was applied and was followed by the Latarjet procedure. Postoperatively, the shoulder was placed in a sling for 6 weeks. Passive range of motion exercise (external rotation not exceeding neutral rotation) was begun after 2 weeks. Active exercise was begun gradually after 6 weeks and strengthening exercise was initiated at 3 months postoperatively.
Clinical Evaluation
All enrolled patients were evaluated preoperatively and at the time of the latest follow-up. The visual analog scale (VAS) pain score, range of motion, American Shoulder and Elbow Surgeons (ASES) score, Constant-Murley score, and University of California Los Angeles (UCLA) score were adopted for functional evaluation by an independent surgeon who was not involved during the surgical procedure. The active shoulder range of motion was evaluated. The forward elevation and external rotation with the arm at the side were measured with a goniometer. The degree of internal rotation was 814
recorded as the highest level that the patient could reach behind the back with the thumb. We divided our patient cohort of 25 patients into 3 groups: the subscapularis-splitting group (n = 5), the subscapularis tenotomy and repair group (n = 15, including the patients with subscapularis insufficiency), and the concomitant humeral head replacement group (n = 5). The mean preoperative glenoid defect (and standard deviation) was 17% ± 12% for the subscapularissplitting group, 22% ± 12% for the subscapularis tenotomy and repair group, and 25% ± 8% for the concomitant humeral head replacement group. No significant difference could be found among these 3 groups. No difference was detected among the 3 groups in the duration of dislocation. The patients in the concomitant humeral head replacement group were significantly older than the patients in the tenotomy and repair group and those in the subscapularissplitting group (Table I) .
Radiographic Evaluation
Trauma series radiographs (including true anteroposterior, lateral, and axillary views) and a CT scan with 3-dimensional reconstruction were made before the surgical procedure. The glenoid bone defect was evaluated on the en face view on the 3-dimensional reconstruction with the method described by Sugaya et al. 15 . Trauma series radiographs and a CT scan were also made at the time of the latest follow-up. The severity of glenohumeral osteoarthritis immediately postoperatively and at the time of the latest follow-up was evaluated according 815
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to the modified Samilson and Prieto classification system 16 in the patients who did not undergo arthroplasty: grade 0 was normal; grade 1 was defined as inferior humeral or glenoid osteophytes or both, measuring <3 mm in height; grade 2 was inferior humeral or glenoid osteophytes, or both, between 3 and 7 mm in height, with slight glenohumeral joint irregularity; and grade 3 was inferior humeral or glenoid osteophytes, or both, >7 mm in height, with narrowing of the glenohumeral joint and sclerosis.
Statistical Analysis
To determine the significance of improvement of subjective evaluations and glenoid bone defect, a paired t test was used to analyze the differences before and after the surgical procedure. The Kruskal-Wallis test was used to compare the distribution of glenohumeral osteoarthritis between the 2 groups. The 2-way analysis of variance (ANOVA) and the Bonferroni test were used to detect the difference among 3 subgroups. Significance was set at p < 0.05, 
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and all components of the statistical analysis were independently reviewed by a statistician.
Results
F
rom January 2005 to January 2013, 43 patients with chronic locked anterior shoulder dislocation that had been surgically treated in our institution were identified. Among the 43 patients with chronic locked anterior shoulder dislocation, 35 patients were treated by an open Latarjet procedure, and 8 patients were treated with either osseous Bankart repair or iliac bone graft and thus were excluded. At the time of the latest follow-up, of 35 shoulders, 25 shoulders (71%) (18 female patients and 7 male patients) that had undergone the Latarjet procedure were available for the minimum 2-year follow-up. Most of the 10 patients who were lost to follow-up resided far from our institution and were either untraceable or reluctant to come back for further evaluation. 
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The mean age (and standard deviation) at the time of the surgical procedure was 55 ± 13 years (range, 26 to 79 years). The mean period of locked dislocation was 129 ± 67 days (range, 90 to 400 days) ( Table II) . The mean follow-up time was 31.6 months (range, 24 to 107 months). Twenty-one affected shoulders (84%) were the dominant side. The mean preoperative glenoid bone loss was 22.1% ± 12.1% (range, 3.99% to 39.11%). Of the 25 shoulders included, 6 with osseous Bankart lesions, 5 with rotator cuff tears, and 1 with osteonecrosis were identified. The severity of glenoid osteoarthritis is shown in Table III .
Successful reduction through the rotator interval without subscapularis tenotomy was achieved in 5 patients. L-shape tenotomies were performed in 19 patients. The subscapularis was totally ruptured and irreparable in 1 patient, and a pectoralis major transfer was performed. Severe humeral head defects (>40%) were found in 5 patients (all in the humeral head replacement group) and were treated with humeral hemiarthroplasty in addition to the Latarjet procedure. All shoulders remained stable during the surgical procedure and reduction was confirmed immediately after the surgical procedure with radiographs.
At the time of the latest follow-up, the mean VAS score (on a 0-to-10 scale) had significantly improved from 5.0 ± 2.4 points to 2.3 ± 2.2 points (p = 0.02), the Constant score had improved from 42 ± 21 points to 59 ± 25 points (p = 0.01), the ASES score had improved from 45 ± 29 points to 62 ± 24 points (p = 0.01), and the UCLA score had improved from 14 ± 8 points to 20 ± 8 points (p = 0.04). The mean range of active forward flexion had increased from 80°± 30°to 97°± 46°(p = 0.001), the mean range of external rotation had increased from 9°± 10°to 22°± 22°(p = 0.001), and median internal rotation had increased from the buttock to L3 (p = 0.08). There were 14 patients (56%) who had external rotation of no more than 15°and 17 patients (68%) who had internal rotation at or lower than L3.
According to the Samilson and Prieto classification system, the glenohumeral osteoarthritis had significantly worsened (p = 0.01) at the time of the latest follow-up (Table III) . Fifteen (75%) of the 20 patients who did not undergo humeral head replacement demonstrated greater glenohumeral osteoarthritis. In the analysis of the coracoid graft position, lateral overhang was observed in 2 cases, and the remaining 18 grafts were flush with the glenoid. Nonunion of the graft was found in 1 patient (6%).
Overall, at the time of the latest follow-up, subluxation or dislocation after the surgical procedure was found and was 
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T 18, 2016 confirmed on CT scans and axillary radiographs in 12 patients (48%). All of the cases with redislocation or subluxation had undergone subscapularis tenotomy and repair. All 5 patients in the subscapularis-splitting group remained stable at the time of the latest follow-up (Fig. 1) . Eight (53%) of 15 patients in the subscapularis tenotomy and repair group were found to have postoperative redislocation or subluxation (Fig. 2) . Four (80%) of 5 patients who underwent humeral head replacement combined with a Latarjet procedure were found to have dislocation or subluxation of the humeral head prosthesis (Fig. 3) . In a comparison between the subscapularis tenotomy and repair group and the subscapularis-splitting technique group, the mean ASES score (60 ± 22 points compared with 90 ± 7 points, p = 0.006), UCLA score (19 ± 7 points compared with 29 ± 4 points, p = 0.005), Constant score (58 ± 24 points compared with 82 ± 9 points, p = 0.046), and external rotation 
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T 18, 2016 (23°± 21°compared with 36°± 16°, p = 0.022) were significantly better in the patients in the subscapularis-splitting group (Table IV) . Ten (67%) of 15 patients in the subscapularis tenotomy and repair group were found to have external rotation of no more than 15°. In a comparison between patients with dislocation or subluxation and patients with concentric reduction, 820 18, 2016 the patients with concentric reduction had a significantly better Constant score (p = 0.016), ASES score (p = 0.036), and UCLA score (p = 0.024). The forward elevation and external rotation were also found to be better in the patients with concentric reduction (Table V) .
Discussion
T o our knowledge, there has been limited reported experience on the surgical treatment of locked anterior shoulder dislocation [1] [2] [3] [4] [5] [6] [7] [8] [9] 12, 16 . Among them, 6 studies were case reports 1,3-5,9,12 , 4 studies were case series with fewer than 12 shoulders 2,6,7,16 , and 1 study was a case series with 21 shoulders 8 ( Table VI) . The reported overall redislocation or subluxation rates ranged from 0% to 36.4% 2, [6] [7] [8] 16 . In the current retrospective case series of chronic locked anterior shoulder dislocation treated with the Latarjet procedure, we found that a successful outcome was more predictably achieved if the glenohumeral joint could be reduced and the coracoid could be transferred through a subscapularissplitting exposure of the glenoid. In contrast, tenotomizing the subscapularis was associated with a high rate of failure and redislocation and subluxation. Hemiarthroplasty, even with a concomitant Latarjet procedure, was consistently unsuccessful. 
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T 18, 2016 It has been suggested that, compared with soft-tissue reconstruction such as Bankart repair, an open Latarjet procedure is more effective for the treatment of recurrent anterior shoulder dislocation with a marked glenoid osseous defect 10, 17 . Because a marked glenoid bone loss is often present in patients with chronic locked anterior shoulder dislocation, the open Latarjet procedure was our routine treatment for chronic locked anterior shoulder dislocation. Nevertheless, we found a high rate of redislocation or subluxation, loss of external rotation and internal rotation, and the deterioration or early onset of glenohumeral osteoarthritis after the Latarjet procedure. However, further analysis of our experience demonstrates that maintaining subscapularis integrity is an important factor in the success of the Latarjet procedure for the treatment of chronic locked anterior shoulder dislocation.
The subscapularis plays an important role in the slingeffect mechanism of a Latarjet procedure 18, 19 . After the subscapularis tenotomy and repair, the sling formed by the conjoined tendon and the inferior part of the subscapularis may be compromised. Without the sling effect for stabilization, the shoulder is more susceptible to residual instability. The weakness and fatty infiltration of the subscapularis might be an additional risk factor 20 . Subscapularis tenotomy and repair would further worsen the situation and would increase the risk of postoperative redislocation or subluxation. Although multiple techniques for the repair of the subscapularis after tenotomy have been proposed, tendon retear, muscular atrophy, and fatty infiltration might induce negative effects on the clinical outcomes 21, 22 . Previous studies have also shown that soft-tissue imbalance is another risk factor for postoperative redislocation or subluxation 1, 6, 8, 9 . In patients with chronic locked anterior shoulder dislocation, the long-term dislocation may cause the lengthening and thinning of the musculotendinous unit, changing the biomechanical balance of the glenohumeral joint. Even with thorough soft-tissue release during a surgical procedure, this long-term imbalance can recur after the surgical procedure. All of the patients in our series underwent thorough capsular release and subacromial release during the surgical procedure. Despite the fact that all of them remained stable in both internal and external rotation during the surgical procedure and immediately postoperatively, there was a high rate of redislocation or subluxation during follow-up. Failure of healing of the subscapularis tenotomy and repair and preexisting attenuation and weakness of the subscapularis were likely important factors 20, 21, 23 . Subscapularis splitting minimizes the risk of disruption of the anterior structures. This was reflected in our results, with all 5 cases with reduction achieved through the rotator interval and the Latarjet procedure performed with the subscapularis intact found to be stable at the time of the latest follow-up. The functional outcomes in the subscapularis-splitting group were also significantly better than those in the tenotomy and repair group.
As expected, postoperative redislocation or subluxation had a significant impact on range of motion at the time of the latest follow-up. The subscapularis-splitting group demonstrated a significantly greater external rotation (36°± 16°) than the subscapularis tenotomy and repair group (23°± 21°). Ten (67%) of 15 patients in the subscapularis tenotomy and repair group were found to have external rotation of no more than 15°.
Unfortunately, in most cases with chronic locked anterior shoulder dislocation, because of the long-term contracture and scarring adhesion of peripheral soft tissues, it was impossible to reduce the humeral head without a tenotomy of the subscapularis. A high rate of glenohumeral osteoarthritis deterioration was also noted. In the present series, 75% (15) of 20 patients sustained deterioration of glenohumeral osteoarthritis. The subscapularis tenotomy and repair group had a significantly higher rate at 93.3% (14 of 15 patients) than the subscapularissplitting group at 20% (1 of 5 patients).
Unsatisfactory results were also found after a combined humeral head replacement and Latarjet procedure for the treatment of chronic locked anterior shoulder dislocation. Subscapularis tenotomy was always performed when humeral head replacement was used. Progressive pain and limited range of motion recovery were also identified in these patients, which are consistent with several other studies 21, 24, 25 . In a study by Werner et al. 8 , reverse shoulder arthroplasty with bone-grafting was proven to be a viable procedure for long-standing neglected anterior dislocation. Because of the poor functional outcome and high redislocation rate, we stopped using humeral head replacement for the treatment of chronic locked anterior shoulder dislocation and prefer to treat older patients with reverse shoulder arthroplasty.
There were limitations in this study. First, because of the retrospective nature of this study, our cases series had uncontrolled variability of the disease and our experience may not be widely applicable. Second, as locked anterior shoulder dislocation is a very rare condition, the sample size was relatively small. However, to our knowledge, our study is by far the largest case series in the literature to address this issue. Lastly, the minimum follow-up time was only 2 years. Long-term evaluations of degenerative changes and recurrence are warranted in future study.
In conclusion, the Latarjet procedure performed with subscapularis tenotomy and repair for the treatment of chronic locked anterior shoulder dislocation was found to have a high rate of persistent glenohumeral instability, redislocation, or subluxation; limited shoulder range of motion; and early onset of glenohumeral osteoarthritis. A combined Latarjet procedure and humeral head replacement was not a viable option for the treatment of chronic locked anterior shoulder dislocation. The Latarjet procedure is more likely to be successful if the subscapularis is kept intact. Thus, the inability to achieve a reduction of the humeral head without subscapularis tenotomy portends a poor result and alternative treatment such as reverse shoulder arthroplasty should be considered. n Yue Li, MD 1 Chunyan Jiang, MD 1
